I n t r o d u c t i o n . -The defects created by cold-working are n o t o f t h e same nature and concentration a f t e r a one way o r a c y c l i c deformation. As transmission e l e c t r o n microscopy observations revealed, t h e l a t t e r treatment creates a very dense arrangement o f d i s l o c a t i o n s and a h i g h number o f small d i s l o c a t i o n loops.
I n Aluminium the i n t e r n a l f r i c t i o n spectrum measured a t 1 Hz reveals two peaks between 80K and 300K, f i g u r e 1: The Bordoni peak B P , a t ~9 0 K , and the peak PF a t % 250K, c h a r a c t e r i s t i c o f a c y c l i c deformation ( f a t i g u e peak) (1,2). Experiments .-I n order t o study t h e i n f l u e n c e o f the i m p u r i t i e s on the i n t e r n a l f r i c t i o n spectrum a f t e r c y c l i c deformation, Aluminium samples o f d i f f e r e n t o r i g i n s and d i f f e r e n t i m p u r i t y concentrations have been measured ( t a b l e 1 ) . The measurements have been c a r r i e d o u t i n an i n v e r t e d t o r s i o n pendulum w i t h a frequency o f 1 Hz f o r 1 m i n diameter samples and 2,4 Hz f o r 2.5 m m i n diameter samples r e s p e c t i v e l y . The general c h a r a c t e r i s t i c s o f peak PF i n A1 5N samples are t h e f o l l o w i n g (3) (4) :
-the peak appears a f t e r room temperature annealing -i t s h e i g h t i s maximum a f t e r annealing a t 380K -t h e peak temperature increases w i t h annealing temperature -when the peak h e i g h t o f PF i s increasing, the one o f Bq i s decreasing. ences are t h e f o l l o w i n g :
F -t h e peak h e i g h t o f PF i s maximum a f t e r annealing a t 420K -t h e peak h e i g h t o f PF i s small and t h e one o f B, i s b i g compared w i t h those o f t h e
A1 5N samples.
Some o f t h e r e s u l t s o b t a i n e d w i t h A1 5M 3 samples (15 ppm S i ) a r e shown on
f i g u r e 6 (5). I n t h e case o f t h i s t y p e o f Aluminium t h e maximum peak h e i g h t i s a1 ready o b t a i n e d a f t e r one anneal i ng be1 ow 340K.
3.2. ~~~c~y g~-~j~y g~~g p j~~~-_ o~_ s~~~~~j~~_~. - 
I n o r d e r t o have supplementary i n f o r m a t i o n s on t h e mechanism r e s p o n s i b l e f o r t h e peak PF, s i m i l a r t r e a t e d specimen had been observed i n a t r a n s m i s s i o n e l e c t r o n microscope (6). I t appeared t h a t a small p a r t o f t h e d i s l o c a t i o n loops, c r e a t e d b y t h e f a t i g u e treatment, i s h i

i m e depending on t h e c o n c e n t r a t i o n and on t h e element o f i m p u r i t y r e m a i n i n g i n t h e m e t a l . I n Aluminium samples w i t h a t o t a l i m p u r i t y c o n c e n t r a t i o n o f a5N and 1 ppm S i
t h e loops remain m o b i l e d u r i n g s e v e r a l months whereas i n a sample w i t h 15 ppm S i (A1 5N 3) t h e loops become immobile a f t e r a few days.
I n s i t u d e f o r m a t i o n experiments w i t h f a t i g u e d specimen r e v e a l e d a s t r o n g i n t e ra c t i o n between l o n g d i s l o c a t i o n s and small d i s l o c a t i o n l o o p s . I n t h e temperature
domain o f t h e P maximum d e p i n n i n g as w e l l as d r a g g i n g processes have been observed F i g . 6: I n t e r n a l f r i c t i o n as a F i g . 7: I n t e r n a l f r i c t i o n as a f u n c t i o n o f temperature a f t e r f u n c t i o n o f temperature i n A1 6N 2 d i f f e r e n t a n n e a l i n g treatments deformed a t 78K ( a ) , w i t h a preceding i n A1 5N 3 (15 ppm S i ) .
n -i r r a d i a t i o n a t 78K ( b ) .
4. Discussion.-The i n t e r p r e t a t i o n o f t h e f a t i g u e -p e a k PF by an i n t e r a c t i o n between d i s l o c a t i o n s and d i s l o c a t i o n l o o p s has been confirmed by t h e appearance of such a peak when d i s l o c a t i o n s and loops were c r e a t e d s e p a r a t e l y (7) . 
On f i g u r e 7 t h e i n t e r n a l f r i c t i o n spectrum measured a f t e r a f a s t neutroni r r a d i a t i o n , f o l l o w e d b y a t e n s i l e deformation, b o t h a t 80K, i s compared w i t h a spectrum measured w i t h a specimen s i m i l a r l y t r e a t e d b u t w i t h o u t i r r a d i a t i o n . The C5-232
JOURNAL DE PHYSIQUE peak a t 260K, which behaves as PF, can be a t t r i b u t e d t o t h e presence o f d i s l o c a t i o n loops observed by Transmission E l e c t r o n Microscopy i n s i d e s i m i l a r l y t r e a t e d specimens.
According t o t h e e l e c t r o n mi croscopy o b s e r v a t i o n and t h e r e s u l t s a f t e r ni r r a d i a t i o n , an i n t e r a c t i o n d i s l o c a t i o n s w i t h d i s l o c a t i o n loops i s proposed as
A general expression t o d e s c r i b e t h e number o f d e f e c t s which have m i g r a t e d t o t h e d i s l o c a t i o n s i s g i v e n b y (8):
With Ki: f a c t o r depending on t h e c o n c e n t r a t i o n and t y p e o f d e f e c t s ;
Di : d i f f u s i o n c o e f f i c i e n t o f d e f e c t i;
t : a n n e a l i n g time;
mi : a c o n s t a n t ( < 1 ) .
Although t h e d i f f u s i o n o f t h e loops i s n o t i s o t r o p i c , i t i s s t i l l reasonable t o assume t h a t i t can be d e s c r i b e d b y e q u a t i o n ( 2 ) ( i n d e x i = 1 f o r t h e loops; i = 2 f o r t h e i m p u r i t i e s ) .
The c o e f f i c i e n t s C. = K -D mi, mi and t h e a c t i v a t i o n e n e r g i e s Ei f o r t h e Assuming an a n n e a l i n g t i m e o f 30 min, t h e e v o l u t i o n o f t h e peak h e i g h t o f PF can be c a l c u l a t e d . The r e s u l t s shown on f i g u r e 8 a r e i n good agreement w i t h t h e measurements shown on f i g u r e s 2 and 3.
The a c t i v a t i o n energy f o r t h e m i g r a t i o n o f t h e loops t o t h e d i s l o c a t i o n s i s n o t
t h e one o f a s i m p l e mechanism and E l i s an e f f e c t i v e a c t i v a t i o n energy, which can c o n t a i n e.g. a d e p i n n i n g process o r a shear mechanism o f t h e d i s l o c a t i o n l o o p t o t r a n s f o r m a s e s s i l e l o o p i n t o a m o b i l e one. T h e r e f o r e t h e a c t i v a t i o n energy f o r t h e peak growth (0.65 eV) s h o u l d be h i g h e r t h a n t h e a c t i v a t i o n energy f o r t h e peak i ts e l f (0.43 eV) .
The i n f l u e n c e o f the i m p u r i t i e s can be double. On the one hand i m p u r i t i e s can be n u c l e i f o r t h e formation o f secondary defect (here d i s l o c a t i o n loops (g)), so t h a t i n a purer metal l e s s loops are created. I n order t o see i f t h i s simple assumpti o n already describes the e v o l u t i o n o f the peak h e i g h t of PF i n A1 6N samples, i t was supposed t h a t t h e d e n s i t y o f t h e e f f e c t i v e i m p u r i t i e s i s 10 times smaller than i n the A1 5N 2 samples (e.g. S i atomes, see t a b l e 1 ) . Using otherwise the same numerical values as those received f o r A1 5N 2, the peak h e i g h t o f PF can be c a l c u l a ted a t the d i f f e r e n t annealing temperatures. Again the r e s u l t s ( f i g u r e 9) are i n good agreement w i t h the measurements ( f i g u r e s 5 and 6 ) . I n p a r t i c u l a r the s h i f t of the maximum peak h e i g h t t o h i g h e r temperatures i s predicted. On the other hand a t higher annealing temperatures, the i m p u r i t i e s migrate t o the d i s l o c a t i o n s , so t h a t the l a t t e r are pinned a t low temperatures and a l s o a t the peak PF temperature. I n the case o f Aluminium the S i atomes seem t o be very e f f e c ti v e i m p u r i t i e s . This can be seen from the r e s u l t s i n A1 5N 3 ( f i g u r e 6 ) . Because of the h i g h concentration o f Si, many loops are present near the d i s l o c a t i o n s already a f t e r annealing t o room temperature, consequently the peak PF i s high. A t annealing temperatures s t i l l below 340K the S i atomes s t a r t t o migrate t o the d i s l o c a t i o n s and as a consequence the heights o f the peaks PF and B 2 decrease. I n A1 5N 2 w i t h o n l y
